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(57) Abstract 

A thermal energy delivery apparatus ( 10) has a probe means (12) including a distal end and a proximal end. A first electrode means 
(22) in positioned at the distal end of the probe means. The first electrode (22) means is configured to deliver sufficient thermal energy to 
a fibrillaied cartilage surface to reduce a level of fibrillation of the fibrillated cartilage surface. A cabling means is coupled to the proximal 
end of the probe means. 
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APPARATUS FOR TREATTNG CHONDROMALICIA 

BACKGR01;MD of the rN^VENTION 
Field of the Inventtnn 

This invention relates generally to a method and apparatus for treatmtz 
chondromalacia, and more panicularly to a method and apparatus that treats 
chondromalacia with minimal disruption of the canilage bed of the knee 

Descnpiion of Related An 

The normal function of joints in humans depends on the disrnbuiion of 
relatively large forces across the body surfaces In dianhrodial loints the 
magnitude of the jomt forces reaches levels four to seven times bodv weight 
These forces apphed to joints are dispersed by articular canilage Cartilage 
function occurs via a highly organized extracellular matrix maintaining a fixed 
charge density and possessing a high affinity for water 

Normal articular cartilage consists of an assembly of large and small 
proteoglycans, collagens, hyaluronic acid and glycoproteins These matrix 
macromolecules originate from chondrocytes localized m a nonrandom pattern 
through the cartilage matrix In normal joints, chondrocytes do not proliferate, 
dividing chondrocytes indicate a change in cartilage homeostasis, either as 
regeneration or attempted repair 

Chondromalacia occurs when cartilage beds in joints become worn and 
strands of canilage distended away from their respective cartilage beds and 
extend into the joint capsule The cartilage surface becomes visibiv disrupted, 
fissured and fibrillated This has deterious effects on the mechanical properties 
of articular cartilage This distension has been associated with knee pain 
Treatment to date has included surgical intervention In one arthroscopic 
procedure, a shaver is introduced through an arthroscope and is used to remove 



wo 98/07468 



PCT/US97/13044 



the siranas of disrupted and fibnllated caniiaiie However, this ireaimeni can 
disrupt and remo\e pan of the normal caniiage bed and does not restore a 
smooth surt'ace nor the mechanical function 

It would be desirable to provide a method and apparatus treating 
fibnllated caniiaue joint surfaces or irregular caniiage joint surfaces bv delivering 
sufficient thermal energy to reduce a level of fibrillation or irregularity of the 
fibnllated cartilage joint surface or the irregular cartilage joint surface It would 
also be desirable to modify the fibrillated cartilage surface to a smooth surface 
It would be funher desirable to treat chondromalacia by reducing a level of 
fibrillation or irregularity of a fibrillated or irregular caniiage joint surface 

SinviMARY OF THE INVENTION 

Accordinaly, an object of the mvention is to provide a method and 
apparatus for treating fibrillated or irregular caniiage jomt surfaces 

■Another object of the invention is to provide a method and apparatus for 
deiivermg sufficient thermal energy to reduce a level of fibrillation of a fibrillated 
caniiage joint surface. 

Yet another object of the invention is to provide a method and apparatus 
for delivering sufficient thermal energy to modify a fibrillated caniiage joint 
surface to a smooth surface 

A ftanher object of the invention is to provide a method and apparatus for 
delivering sufficient thermal energy to modify an irregular caniiage joint surface 
to a smoother surface 

Still a funher object of the invention is to provide a method and 
apparatus for delivenng sufficient thermal energy to at least a ponion of a 
plurality of caniiage strands coupled to a fibrillated cartilage surface, and melt 
the strands onto the fibrillated caniiage surface 

Another object of the invention is to provide a method and apparatus that 
uses thermal energy to treat chondromalacia 
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These and other objects of the invention are achieved in a thermal eneru> 
deii\er\- apparatus that has a probe means including a distal end and a proximal 
end A first electrode means is positioned at the distal end of the probe means 
The tlrsi electrode means is contlgured to deliver suflficient thermal energy to a 
tlbnllated cartilage surrace to reduce a level of fibrillation of the fibrillated 
canilage surtace A cabling means is coupled to the proximal end of the probe 
means 

In one embodiment of the invention, an apparatus is configured to be 
positioned adjacent to a fibrillated canilage joint surface. A probe means has a 
distal end and a proximal end An insulator means has a first surface and a 
second surtace. A tlrst electrode means is positioned on the first surface of the 
insulator The first electrode means has a first thermal energy deiiverv surface 
configured to deliver sufficient thermal energy to a plurality of cartilage strands 
coupled to the fibrillated canilage joint surface to reduce a level of fibrillation of 
surface A second electrode means is positioned on the second surface of the 
insulator A cable means is coupled to the proximal end of the probe means 

In another embodiment, a method modifies a geometrv' of a fibrillated 
canilage surface A thermal energy delivery device is provided and includes a 
probe means with a distal end and a thermal energy delivery surface A thermal 
energy source is also provided and coupled to the thermal energy delivery 
surface The thermal energy delivery surface is positioned adjacent to the 
fibnilated canilage surtace in a non-contacting position Sufficient thermal 
energy is delivered from the thermal energy delivery surface to reduce a level of 
fibrillation of the fibrillated canilage surface 

The method and apparatus of the present invention can also be used to 
decrease the level of irregularity of an irregular canilage surface. 

The apparatus of the present invention may also include a sensor means 
positioned at the distal end of the probe means. A comparator means is provided 
and compares a measured temperature value at the sensor means with a 
predetermined temperature value The comparator means generates a disabling 
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Signal if the measured temperature value exceeds the predetermmed maximum 
temperature value A communication means is provided and communicates the 
disabimg signal to the thermal energy source means to cease funher delivers of 
enerey from the thermal energy source means to the hrsi electrode means 
5 In various embodiments of the invention, sufficient thermal energy is 

delivered from the thermal energy delivery surface to modify the fibrillaied 
canilage surface to a smooth surface Thermal energy is delivered from the 
thermal energy delivery surface to create a less fibrillated. fibrillated canilage 
surface Thermal energy is delivered from the thermal energy delivery surface to 

10 cause at least a ponion of a plurality of cartilage strands coupled to the fibrillated 

canilage surface to create a smoothened canilage surtace Thermal energy is 
delivered from the thermal energy deiiver\' surface to cause at least a ponion of a 
plurality of canilage strands coupled to the fibrillaiea canilage surtace to melt 
onto the fibrillated canilage surface At least a ponion of a plurality of canilage 

! 5 strands are melted to create a smoothened canilage surface 

BRIEF DESCRIPTION OF THE FIGimES 
Figure 1 is a perspective view of the apparatus of the present invention 
with a probe and two electrodes 

Figure 2 is a perspective view of the apparatus of the present invention 
'0 with a probe, an electrode positioned at a distal end of the probe and two 

electrodes positioned on opposite sides of an insulator 

Figure 3 is a perspective view of a knee joint with chondromalacia 
Figure 4 is a perspective view of the apparatus of Figure 2 with a probe 
coiled distal end 

15 Figure 5 is a perspective view of the apparatus of the present invention 

with two electrodes positioned on opposite sides of an insulator 

Figure 6 is perspective view of the apparatus of the present invention 
including an electrode with radiused edges. 
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Fttzure 7 is a perspecuve mcw of the apparatus of the present inveniion 
inciuding a recianeulariv shaped electrode 

Fieure 8 iliusiraies a perspective view of the apparatus of the present 
invention with electrodes formed on peripheral faces of the insulator 

Fmure 0 is a cross-seciional view of the apparatus of Figure 8 taken 
along the lines 9-*^ 

Figure 10 is a perspective view of an electrode used with the apparatus of 
the present invention that is formed at a peripheral surt'ace of the insulator and 
defines an interior non-conducting region 

Ficure 1 I is a perspective view of a toroidal electrode used with the 
apparatus of the present invention and defines an interior non-conducting region 

Fmure 12 is a perspective view of a non-circular toroidal electrode used 
with the apparatus of the present invention and defines an intenor non- 
conducting region 

Figure 13 IS a perspective view of a segmented electrode used with the 
apparatus of the present invention 

Ficure 14 is a perspective view of a segmented toroidal electrode used 
with the apparatus of the present invention 

Figure 1 5 is a perspective view of a flexible probe used with the 
apparatus of the present invention 

Figure 16 is a block diagram illustrating a feedback system useful to 
control the temperature of electrodes of the present invention . 

Figure 1 7 illustrates a circuit usefiji to implement the feedback system of 
Figure 16 

nFTAILFD DESCRIPTION 
As shown in Figure I . a thermal energy delivery apparatus i 0 is 
configured to be positioned adjacent to, but spaced apart from a joint surface. 
Included is a probe 12 with a distal end 14, a first electrode 22 and a second 
electrode 24 Electrodes 22 and 24 can be operated in bipolar or monopolar 
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Bipolar is preferred A distancinu eiement 25 distances a thermal eneruy delivers 
surface of electrode 22 from the joint surtace Preferably, the thermal energy 
deliverv' surface of electrode 22. or of electrode 24. docs not touch the joint 
surface As illustrated in Figure I, distancing element 25 is mcluded In other 
5 embodiments, distancing element 25 is not included and the ihermai energy 

deliver\'' surface of electrode 22 or of electrode 24 are positioned directly on the 
joint surface 

Refernng now to Figure 2, thermal energy deiiverv apparatus 10 is 
configured to be positioned and deliver thermal energy to a joint surface 

10 Apparatus 10 includes probe 12 with distal end 14 and an insulator 16 including 

first and second surfaces 18 and 20 formed on opposite sides on insulator 16 A 
pair of electrodes are also provided First electrode 22 is positioned on first 
surface 18 of insulator 16 Second electrode 24 is positioned on second surface 
20 of insulator 16 Thermal energy source 26 is coupled to first electrode 22 and 

1 5 second electrode 24 with a cable 

Insulator 16 can be an elongated structure with a longitudinal axis 
Surfaces !8 and 20 can be parallel to each other. Insulator can be made of a 
vanetv of insulating materials known to those skilled in the an Insulator 16 
need not be one integral unit and surfaces 18 and 20 can be made of separate 

20 insulators that are separated Surfaces 1 8 and 20 can be planar, non-planar and 

have geometries that conform closely to interior joint surfaces. In one 
embodiment, the dimensions of distal end 14 are sufficiently small to be 
positioned on a joint surface 

A knee joint surface 28 is shown in Figure 3 Knee joint surface 28 is 

25 defined by a first canilage bed 30 formed at a distal end of the femur, and a 

second cartilage bed 32 formed at a distal end of the tibia The present invention 
is not limited to the knee joint surface and can be used in a variety of different 
joint surfaces Any joint surface susceptible to chondromalacia is treatable with 
apparatus 10 The present invention is suitable for the treatment of fibrillated 
0 canilage joint surfaces to reduce the level of fibrillation and create smoother 
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sunaces The present invention is also used to treat irregular joint surfaces, 
where there are peaks and valleys, and create a less irregular joint surface. In 
cenain embodiments, the irregular jomt surface becomes a smooth joint surface 
A first plurality of cartilage strands 34 are coupled to first canilage bed 
30 and have become dislodged and dangle in joint surface 28 A second plurality 
of canilage strands 36 are connected to second cartilage bed 32. Second 
plurality of cartilage strands 36 have also become dislodged and dangle in joint 
surtace28. 

In one embodiment of the invention, a method is provided that modifies a 
geometry of a fibrillated cartilage surface Sufficient thermal energ>' is delivered 
from first electrode 22 or second electrode 24 at different times to reduce a level 
of fibnllation of the rlbrillated canilage joint surface. In various embodiments of 
the invention, sufficient thermal energy is delivered electrode 22 or 24 to, (i) 
change the fibrillated canilage surface to a smooth or smoother surface, (li) 
reduce a level of fibrillation of the fibrillated canilage surface, (ill) cause at least 
a ponion of a plurality of canilage strands coupled to the fibrillated canilage 
surface to create a smoothened canilage surface, (iv) cause at least a ponion of a 
plurality of cartilage strands coupled to the fibrillated canilage surface to melt 
onto the fibrillated canilage surface or (v) melt at least a ponion of a plurality of 
cartilage strands to create a smoothened cartilage surface 

First electrode 22 has a first thermal energy deliven/ surface configured 
to deliver thermal energy to canilage strands 34 and second electrode 24 has a 
second thermal energy delivery surface configured to deliver thermal energy to 
cartilage strands 36 Thermal energy includes but is not limited to RF, 
microwave, resistive heating, ultrasound, coherent or incoherent light and a 
thermal jet source. By delivering the appropriate amount of thermal energy to 
joint surface 28, strands 34 and 36 move out of joint surface 28 and the surfaces 
of canilage beds 30 and 32 are smoothened. Additionally, delivered thermal 
energy can remove some or substantially all of cartilage strands 34 and 36 from 
joint surface 28 The delivery of thermal energy physically smooths the surface 

. 7 - 
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or canila^e beds 30 and 32. cnanues the ultrastmcture of the caniiaue. stimulates 
caniiaue replication and grov^ah and changes the chemical environment m joint 
surracc 28 and caniiaue beds 30 and 32 to relieve pain 

Apparatus 10 is used to modif\' the geometry' ot'canilage strands 34 and 
36 through caniiage shnnkage and possibly limned ablation of strands 34 and 36 
Distal end 14 of probe 12 is insened through an arthroscope to joint surtace 28 
First and second electrodes 22 and 24 are miroduced into joint surface 28 
Sufficient thermal energy is delivered from electrodes 22 and 24 to shrink at least 
a ponion of canilage strands 34 and 36, causing the strands to he down on 
canilage beds 30 and 32 The delivery of thermal energy to joint surtace 28 
results m an "ironinu" of cartilage strands 34 and 36 onto canilage beds 30 and 
32 

Sufficient thermal energy is delivered from first and second electrodes 22 
and 24 to shrink at least a ponion of canilage strands 34 and 36 without ablating 
more than 25% of canilage beds 30 and 32 In one embodiment, sufficient 
energy is delivered by first and second electrodes 22 and 24 to raise the 
temperature of joint surface in the range of 45 to 90 degrees C, preferably 45 to 
75 degrees C and more preferably 50 to 70 degrees C Maintenance of a suitable 
temperature, and the delivery of thermal energy to joint surface 28. is sufficient 
to cause strands 34 and 36 to become at least panially melted onto the canilage 
joint surface while minimizing ablation of canilage beds 30 and 32 

Insulator 26 and first and second electrodes 22 and 24 are configured to 
be insened into joint surface 28 Probe 1 2 is moved back and fonh through joint 
surface 28 to deliver a sufficient amount of thermal energy to strands 34 and 36 
to cause them to lie down on their respective canilage beds The thermal energy 
deli verv' surfaces of first and second electrodes 22 and 24 can move along the 
surfaces of canilage beds 30 and 32 to complete the ironing effect 

Referring now to Figure 4, distal end 14 of probe 12 can have a coiled 
geometry as well as a variety of geometric configurations Preferably, distal end 
14 is malleable or sufficiently flexible to impan movement of first and second 
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electrodes 22 and 2A Disial end 1-4 can pivot, be hinucd. be aniculated. or made 
of a shaped memon. metal, and the like, m order to enable tirsi ana second 
electrodes 22 and 2-} to follow the contours of jomt sunace 2S 

-As shown in Figure 5. first and second electrodes 22 and 24 can be 
operated in a bipolar mode This concentrates the flow of RF enerev between 
first ana second electrodes 22 and 24 and diverts direct RF energy flow away 
from canilage beds 30 and 32 RF energy which is directed between first and 
second electrodes 22 and 24 heats up fluids within joint surface 28 and provides 
a more controlled delivery of energy to canilage strands .^4 and 36 RF ablation 
of canilage beds 30 and 32 is reduced 

First and second electrodes 22 and 24 can have a vanety of different 
geometric configurations .As illustrated in Figure o. first and second electrodes 
22 and 24 are svmmetricallv shaped with radiused edges Elimination of sharp 

edges at an electrode surface reduce the creation of hot spots of thermal energy 
delivered to a site In Figure 7. first and second electrodes 22 and 24 have 
rectangular geometries with non-radiused edges First and second electrodes 22 
and 24 can each have different sizes and geometries First and second electrodes 
22 and 24 can be mirror images of each other or they can be different 

Referring now to Figure 8. first and second electrodes 22 and 24 are 
formed on a periphery of insulation surfaces 18 and 20 respectively In this 
embodiment, each electrode 22 and 24 defines a tirst and a second non- 
conducting region 38 and 40 on an insulator surface 18 and 20 within an mtenor 
of first and second electrodes 1 8 and 20 Non-conducting regions 38 and 40 can 
be the actual surtace of insulator 16, or may be additional stoictures. each with a 
non-conducting surface, thai are formed on insulation surfaces 1 8 and 20 

First and second sensors 42 and 44 can be provided and associated with 
first and second electrodes 22 and 24 to measure temperature and/or impedance 
First and second sensors 42 and 44 are positioned on a surface of first and 
second electrodes 22 and 24. on a surface of probe 12. on non-conducting 
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regions 38 and 40. or can be advanced and retracted from distal end 14 to and 
from joint surface 28 

First and second sensors 42 and 44 are of conventional design, mcludinc 
but not limited to thermistors, thermocouples, resistive wires, and the like. 
Suitable thermal sensors 42 and 44 include a T type thermocouple with copper 
consiantene, J type, E type, K type, fiber optics, resistive wires, thermocouple IR 
detectors, and the like Sensors 42 and 44 need not be thermal sensors 

Sensors 42 and 44 measure temperature and/or impedance to permit 
monitoring and a desired level of energy delivered determined This reduces 
ablation damage to canilage beds 30 and 32 If at any time sensor 42 or 44 
determines that a desired temperature is exceeded, then an appropriate feedback 
signal IS received at thermal energy source 26 which then regulates the amount cf 
energ\' delivered to first and second electrodes 22 and 24 

Sensors 42 and 44 are positioned on non-conductinu regions 38 and 40 in 
Figure 9 Non-conducting regions 38 and 40 have a variety of geometnc surfaces 
including but not limited to planar, non-planar, concave, convex, and the like. In 
one embodiment, non-conducting regions 38 and 40 are closer to the midline of 
insulator 16 than first and second electrodes 22 and 24 This enhances the bipolar 
conduction of thermal energy between electrodes 22 and 24 in the bipolar mode 
of operation 

First and second electrodes 22 and 24 can have various geometries 
including but not limited to cylindrical, semi-cylindrical, rectangular, cubic, 
irregularly shaped, toroidal (Figure 10), non-circular toroidal (Figure 1 1), non- 
symmetrical, non-symmetrical toroidal (Figure 12) or be segmented and capable 
of multiplexing (Figures 13 and 14). In one embodiment, first electrode 22 has a 
toroidal geometry, first sensor 42 is positioned on non-conducting region 38, and 
distal end 14 is flexible and curved. 

Figure 16 illustrates a block diagram of a temperature/impedance 
feedback system useful with apparatus 10. Thermal energy is delivered to first 
and second electrodes 22 and 24 by thermal energy source 26, and applied to 

- 10 - 
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canilace strands 34 and 36 A momtor 5b ascenains tissue impedance, based on 
the energy delivered to tissue, and compares the measured impedance value to a 
set vaiue If the measured impedance exceeds the set value a disabling signal 48 
is transmitted to thermal energy source 26. ceasing further delivery of thermal 
energ\' to first and second electrodes 22 and 24. If measured impedance is 
vvithm acceptable limits. energ>' continues to be applied. During the application 
of thermal energy to cartilage strands 34 and 36, sensor 42 measures the 
temperature at the surface of sensor 42 A comparator 50 receives a signal 
representative of the measured temperature and compares this value to a pre-sei 
signal representative of the desired temperature. Comparator 50 sends a signal 
to thermal energy source 26 to continue sending thermal energ>'. to increase or 
decrease the level of delivered thermal energ>\ or to cease delivery of ihermai 
energy 

An output 52 from temperature comparator 50 can be input to thermal 
energy source 26 to regulate the amount of power delivered Output 54 from 
impedance monitor 56 can be input to control the temperature at joint surface 
28 

Referring now to Figure 17, thermal energy source 26 is coupled to first 
and second electrodes 22 and 24 and apply a biologically safe voltage to 
canilage strands 34 and 36 in the embodiment illustrated in Figure 1 1 , 
apparatus 10 is represented as a bipolar ablation device. First and second 
electrodes 22 and 24 are connected to a primary side of transformer windings 58 
and 60 The common primary windings 58 and 60 are magnetically coupled with 
a transformer core to secondary windings 58' and 60' 

The primary windings 58 of the first transformer t, couple the output 
voltage of apparatus 10 to the secondary windings 58' The primary windings 60 
of the second transformer t. couple the output current of ablation apparatus 1 0 
to the secondary windings 60' 

Measuring circuits determine the root mean square (RMS) values or 
magnitudes of the current and voltage. These values, represented as voltages, 
are inputted to a diving circuit D to geometrically calculate, by dividing the RMS 

- 11 - 
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voitaue value by the RMS current vaiue. the impedance of the tissue sue a: 
sensor 42 

The ouiput voltage of the divider circuit D is presented at the posuive i - ) 
input terminal of comparator A A voltage source V'., supplies a voltage across 
the variable resistor R,, thus allowing one to manually adjust the voltage 
presented at the negative mput of comparator A This voltage represents a 
maximum impedance value beyond which power will not be applied to electrode 
22 Specifically, once the tissue is heated to a temperature corresponding to an 
impedance vaiue greater than the maximum cut-off impedance, thermal energy 
source 26 stops supplying energy to first and second electrodes 22 and 24 
Comparator A can be of any of a commercially available tvpe that is able to 
control the amplitude or pulse width modulation of thermal enerev source 26 

The temperature withm joint surface 28 can be controlled based on the 
tissue impedance, as represented by signal 62, or based on tissue temperature, as 
represented by signal 64 In one embodiment, the switch S is activated to allow 
the impedance signal 62 to enter the positive (^) input terminal of comparator A 
This signal along with the reference voltage applied to the negative (-) input 
terminal actuates comparator A to produce an output signal If the selected 
tissue ablation site is heated to a biologically damaging temperature, the tissue 
impedance will exceed a selected impedance value seen at the negative (-) input 
terminal, thereby generating disabling signal 48 to disable thermal energy source 
26, ceasing the energy supplied to first and second electrodes 22 and 24 

The output signal of comparator A may either disable thermal energy 
source s 26 energy output, depending on the tissue temperature as reflected by 
its impedance 

The foregoing description of a preferred embodiment of the invention has 
been presented for purposes of illustration and description. It is not intended to 
be exhaustive or to limit the mvention to the precise forms disclosed Obviously, 
many modifications and variations will be apparent to practitioners skilled in this 
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an . (i IS intended that the scope of the m\ ention be defined bv the foiiovvmL: 
claims and their equivalents 
What IS ciaimed is 
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CLAIMS 



1 A thermal enerey delivery apparatus, compnsinii 
a probe means including a distal end and a proximal end. 

a first electrode means positioned at the distal end of the probe means, 
wherein the first electrode means is conilgured to deliver sufficient thermal 
energy to a fibrillated cartilage surface to reduce a level of fibrillation of the 
fibrillated cartilage surface, and 

a cabling means coupled to the proximal end of the probe means 

2 The apparatus of claim 1. further comprising 

means for distancing the first electrode means from the fibnliated 
cartilage surface 

3 The apparatus of claim I. hjrther comprising 

an offset member means positioned at the distal end of the probe means 
and configured to distance the first electrode means from the fibrillated cartilage 
surface 

4 The apparatus of claim I. further comprising 

a second electrode means positioned on the probe means 

5 The apparatus of claim I. wherein the apparatus is a bipolar 

device 

6 The apparatus of claim 1 . wherein the apparatus is a monopolar 

device. 



- 14 - 



wo 98/07468 



PCT/US97/I3044 



The apparatus or" claim I , wherein the tirst and second electrode 
means are configured :o minmuze damage to a canilage bed underlying the 
fibniiaicd cartilage surrace 

S The apparatus of claim 7. tliaher comprising 

a sensor means positioned at the distal end ot' the probe means 

9 The apparatus of claim 1. njrther comprising. 

a thermal energy source means coupled to the cabling means. 

10 The apparatus of claim i. wherein the thermal energy source is 
selected from RF. microwave, resistive heating, ultrasound, coherent or 
incoherent light and a liquid thermal jet 

I 1 The apparatus of claim 1. wherein the distal end of the probe 
means is sized to contract a joint 

12 The apparatus of claim I, wherein the distal end of the probe 
means is sized to contract an aniculated joint 

1 3 The apparatus of claim 9, fuaher comprising 

a sensor means positioned at the distal end of the probe means. 

a comparator means configured for comparing a measured temperature 
value at the sensor means with a predetermined temperature value and 
generating a disablmg signal if the measured temperature value exceeds the 
predetermined maximum temperature value, and 

a communication means for communicating the disabling signal to the 
thermal energy source means to cease funher delivery of energy from the 
thermal energy source means to the first electrode means 
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14 A thermal eneruy deliver/ apparatus, comprismu 

a probe means inciudinu a distal end and a proximai end. 

a tirst thermal eneruy delivers surface positioned ai one side ot'the distai 
end of the probe means, vvherem the first thermal eneriiy delivers surtace i^. 
configured to deliver sufficient thermal energy to a fibrillated canilage surface to 
reduce a level of fibrillation of the fibrillated caailage surface. 

a thermal energy insulator positioned adjacent to the first thermal enercy 
deliverv surface on an opposing second side of the distal end of the probe means, 
and 

a cabling means coupled to the proximal end of the probe means 

1 5 A thermal energy delivery apparatus, comprising 
a probe means including a distal end and a proximai end, 
a first electrode means positioned at the distal end of the probe means, 
wherein the first electrode means is configured to deliver sufficient thermal 
energy to an irregular cartilage surface to reduce a level of irregularity of the 
fibrillated canilage surface, and 

a cablmg means coupled to the proximal end of the probe means 

1 6 An apparatus configured to be positioned adjacent to a fibrillated 
canilage joint surface, comprising 

a probe means with a distal end and a proximal end; 

an insulator means with a first surface and a second surface, 

a first electrode means positioned on the first surface of the insulator with 
a first thermal energy delivery surface configured to deliver sufficient thermal 
energy to a plurality of canilage strands coupled to the fibrillated canilage joint 
surface to reduce a level of fibrillation of the fibrillated canilage Joint surtace, 

a second electrode means positioned on the second surtace of the 
insulator; and 

a cable means coupled to the proximal end of the probe means 
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17 The apparatus or" ciaini lo. further compnsinu 

a thermal energv source means coupled to the first eiectrode means 

IS The apparatus of claim 17. wherem the thermal energy source is 
selected from RF, microwave, resistive heatmu, ultrasound, coherent or 
mcoherent light and a liquid thermal jet 

19 The apparatus of claim 1 7. wherein the thermal energy source 
means is coupled to the second electrode means 

20 The apparatus of claim 16. wherein the distal end of the probe 
means is sized to contract a joint 

21 The apparatus of claim 16. wherein the distal end of the probe 
means is sized to contract an amculated joint. 

22 The apparatus of claim 16, wherein the first electrode means is 
formed on a penphery of a first surface of the insulator and defines a first non- 
conducting region between the first electrode means 

23 The apparatus of claim 22, wherein the second electrode means is 
formed on a periphery of an opposing second surface of the insulator means and 
defines a second non-conducting region between the second electrode means 

24 The apparatus of claim 16, wherein the first electrode means has a 
toroidal geometry defining a first non-conducting interior region 

25 The apparatus of claim 16, wherein the rlrst electrode means has a 
non-circular toroidal geometry defining a first non-conducting inienor region 
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26 The apparatus ofclaim lo. wherein the tirsi electrode means has a 
seumented toroidal geometn.- defininki a first non-conductmu interior remon 

27 The apparatus ofclaim 16. wherem the first electrode means has a 
segmented non-circular toroidal yeomeir>- defininu a first non-conductinu 
interior region 

28 The apparatus ofclaim 23. wherem the second electrode means 
has a toroidal ueometrv* defininu a second non-conductmu interior rei^ion 

29 The apparatus ofclaim 23. wherein the second electrode means 
has a non-circular toroidal ucometr\' defining a second non-conductmu interior 
region 

30 The apparatus ofclaim 23, wherein the second electrode means 
has a segmented toroidal geometrv' definmg a second non-conducimt£ interior 
region 

3 1 The apparatus of claim 23. wherein the second electrode means 
has a segmented non-circular toroidal geometry defining a second non- 
conducting interior region 

32. The apparatus of claim 22, wherein the first non-conducting 
interior region has a concave surface 

33 The apparatus ofclaim 23, wherein the second non-conducting 
interior region has a concave surface 
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.>4 The apparatus of ciaim 22, therein a first sensor means is 
positioned at the first non-conducting inienor reuion 

35 The apparatus of claim 23. wherein a second sensor means is 
positioned at the second non-conducting inienor region 

3o The apparatus of claim 16, wherein at least a ponion of the probe 
means is malleable 

3 7 The apparatus of claim 16. w herein the first and second electrode 
means operate in a bipolar mode 

38 The apparatus of claim 10. wherein the rlrsi and second electrode 
means operate in a monopolar mode 

39 The apparatus of claim 1 7, funher comprising: 

a sensor means positioned at the distal end of the probe means. 

a comparator means for companng a measured temperature value at the 
sensor means with a predetermined temperature value and generating a disabling 
signal if the measured temperature value exceeds the predetermined maximum 
temperature value, and 

a communication means for communicating the disabling signal to the 
thermal energy source means to cease fuaher delivery of energy from the 
thermal energy source means to the first electrode means. 

40 A method for modifying a geometry of a fibrillated cartilage 
surface, comprising: 

providing a thermal energy deliverv device including a probe means with 
a distal end and a thermal energy delivery surface. 
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providmu a thermal eneruy source coupled lo the thermal eneruy deiiven. 

surtace. 

positionmu ihe thermal eneruv deliverA- surface adjacent to the fibrillated 
canilai;e surface, and 

delivering sufficient thermal energy from the thermal eneruv deliver^' to 
reduce a level of fibrillaiion of the fibriilaied cartilage surface 

•4 1 The method of claim 40, wherein sufficient thermal energy is 
delivered from the thermal energy delivery surface to modif\- the fibrillated 
canilage surface to a smooth surface 

42 The method of claim 40. wherem sufficient thermal eneruv is 
delivered from the thermal energy delivery surface to create a less fibrillated. 
fibrillated cartilage surface 

43 The method of claim 40, wherein sufficient thermal energy is 
delivered from the thermal energy deliver/ surface to cause at least a ponion of a 
plurality of canilage strands coupled to the fibrillated canilage surface to create a 
smoothened canilage surface 

44 The method of claim 40. wherein sufficient thermal energy is 
delivered from the thermal energy deliverv surface to cause at least a ponion of a 
plurality of canilage strands coupled to the fibrillated canilage surface to melt 
onto the fibrillated cartilage surface 

45 The method of claim 37. wherein a melting of at least a ponion of 
a plurality of canilage strands creates a smoothened canilage surface 

46 The method of claim 40, wherein the thermal energy deliver^' 
surface remains distanced from the fibrillated canilage surface 
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4" The method of ciaini 40. riinher comprising 

measurmu a temperature ot'an area adjacent to the fibrillated canilaue 
bunace with a sensor. 

comparing a measured temperature at the area adjacent to the fibrillated 
caniiage surface to a predetermined temperature value and generate a signal 
representative of a difference between the measured temperature and the 
predetermined temperature value, and 

transmitting to the thermal energy source a signal to cease further 
thermal energy delivery if the measured temperature exceeds the predetermined 
temperature 

48 The method of claim 40. wherem the thermal energy source is an 
RF source 

49 The method of claim 40, wherein the thermal energy source is a 
microwave source 

50 The method of claim 40, wherem the thermal energy source is a 
resistive heating source 

51. The method of claim 40, wherem the thermal energy source is an 
ultrasonic source 

52 The method of claim 40, wherein the thermal energy source is a 
coherent or incoherent light source 

53 The method of claim 40, wherein the thermal energy source is a 
liquid thermal jet source 
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54 A method lor treaiine chondromaiacia on a join: sunace. 
comprising 

providing a thermal energy deliver^' device including a probe means wuh 
a disial end and a ihermal energy deliverv surface, 

providmg a thermal energy source coupled to the thermal energy deliver\ 

surface, 

positioning the thermal energy delivery surface adjacent and distanced 
from a fibrillaied cartilage jomt surface, and 

delivering sufficient thermal energy from the ihermal energy delivery 
device to reduce a level of fibrillation of the fibrillated caniiage lomt surface 

55 The method of claim 54. wherein sufficient thermal energy is 
delivered from the thermal energy deliverv' surface to modify- the fibrillated 
caniiage joint surface to a smooth surface 

56 The method of claim 54, wherein sufficient thermal energy is 
delivered from the thermal energy delivery surface to create a less fibrillated, 
fibrillated caniiage joint surface 

57 The method of claim 54, wherein sufficient thermal energy is 
delivered from the thermal energy delivery surface to cause at least a ponion of a 
plurality of caniiage strands coupled to the fibrillated caniiage joint surface to 
create a smoothened caniiage jomt surface 

58 The method of claim 54, wherein sufficient thermal energy is 
delivered from the thermal energy delivery surface to cause at least a ponion of a 
plurality of caniiage strands coupled to the fibrillated caniiage joint surface to 
melt onto the fibrillated caniiage joint surface 
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5*^ The method ofclaim 5S. wherein a meltmu of at least a portion or 
a pluraht\* ot'caniiaue strands creates a smoothened cartilaue joint surtace 

60 The method of claim 54. wherein the thermal energy deliver\' 
surface remains distanced from the fibrillaied canilage joint surface 

6 1 The method of claim 54, further comprising 

measuring a temperature of an area adjacent to the fibrillated canilage 
joint surface with a sensor, 

comparing a measured temperature at the area adjacent to the fibrillated 
canilage joint surface to a predetermined temperature value and generate a sienal 
representative of a difference between the measured temperature and the 
predetermined temperature value, and 

transmitting to the thermal energy source a signal to cease funher 
thermal energy deliverv' if the measured temperature exceeds the predetermined 
temperature 

62 A method for treating chondromalacia on a joint surface, 
comprising 

providing a thermal energy deliven,- device mcluding a probe means with 
a distal end and a thermal energy deliver^' surtace. 

providing a thermal energy source coupled to the thermal energy deliver\' 

surface, 

positioning the thermal energy delivery surface on a fibrillated canilage 
joint surface; and 

delivering sufficient thermal energy from the thermal energy delivery- 
device to reduce a level of fibrillation of the fibrillated canilage joint surface 

63 A method for treating chondromalacia on a joint surface, 
composing 
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providing a thermal eneruv deliverv^ device including a probe means wnh 

^ a distal end and a thermal energy deliverv surface, 

5 providing a thermal energy source coupled to the thermal energv deiiver\ 

^ surface. 

*7 positioning the thermal energy delivery surface adjacent and distanced 

8 from an irregular cartilage joint surface, and 

9 delivering sufficient thermal energy from the thermal energy delivers* 
10 device to reduce a level of irregularity of the irregular canilage joint surface 
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